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Adults of the two main rape-infesting flea beetle species in Manitoba, Phyllotreta 
crucijerae (Goeze) and Phyllotreta striolata (F.), that were parasitized by Mi- 
croctonus vittatae Mues., emerged earlier from overwintering sites than unpar- 
asitized adults of the same species. Early emergence of parasitized beetles ensures 
early emergence of parasite adults and thereby probably increases the impact of 
the parasite on the host's population. 

RCsume 
Les adultes des deux principales altises du colza au Manitoba, Phyllotreta 
crucijerae (Goeze) et Phyllotreta striolata (F.), qui Ctaient parasitks par Mi- 
croctonus vittatae Mues. sont sortis plus t6t des sites d'hivernage que les adultes 
non parasitis. La sortie prkcoce des altises parasitCes entraine celle des parasites 
adultes et ainsi accroit probablement l'effet des parasites sur la population h6te. 

Introduction 
Preliminary studies in 1976 suggested that adults of Phyllotreta cruciferae 

(Goeze) (Coleoptera: Chrysomelidae), parasitized by first-stage larvae of Microctonus 
vittatae Mues. (Hymenoptera: Braconidae), leave overwintering sites in leaf litter 
earlier in spring than unparasitized adults. Investigation of this phenomenon and of 
the possibility of a similar occurrence in parasitized Phyllotreta striolata (F.), a 
second rape-infesting flea beetle, are reported herein. 

Adults of P .  striolata begin leaving leaf litter in southern Manitoba in April, 
several days before adults of P.  cruciferae. Both species continue to emerge for 
several weeks (Wylie 1979). Males and females of each species emerge at the same 
time (Wylie 1981). First-stage larvae of M. vittatae overwinter in the beetles; each 
larva resumes development about the time its host leaves the litter, and molts to the 
second stage 1-2 weeks later. Parasite larvae begin emerging from the beetles about 
mid-May each year, and spin cocoons from which parasite adults begin emerging 
late in May or early in June. 

Materials and Methods 
The incidence of parasitism by M. vittatae was determined in flea beetles 

overwintering in 197677, and in those trapped near the same site the following 
spring. To obtain overwintering adults, five samples of leaf litter, each from 0.84 
m2 of ground surface were collected on 25 October and 7 December 1976 from a 
deciduous woodland at the Glenlea Field Station of the Agriculture Canada Winnipeg 
Research Station, about 20 km south of Winnipeg. The flea beetles were separated 
from the litter by flotation in tap water (Wylie 1979) and preserved (Weaver and 
Thomas 1956), dissected, and examined for immature parasites. In the spring of 
1977, 10 traps baited with ally1 isothiocyanate, an attractant for adults of flea beetles 
that eat crucifers (Feeny et al .  1970) were used to collect flea beetles near the 
overwintering site. The traps were placed at 10-m intervals on the ground in a line 
2 m outside the woodland on 4 April (the first adults of P .  striolata were trapped 
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on 9 April; those of P. cruciferae on 13 April). Flea beetles trapped during 24-h 
intervals were taken to the laboratory and adults of each species were held in groups 
of up to 50 in plastic tubes 7 . 4 ~  5.9 cm with a screen (24 mesh/cm) at one end 
and a cork at the other. The tubes contained rape leaves as food for the beetles. 
Each tube also contained a small amount of glass wool near the screen and was 
inclined with the cork end uppermost, so that emerging parasite larvae crawled or 
dropped into the wool where they spun cocoons. The tubes were held at 20°C and 
a 16h:8h L:D cycle for 2 wk, and the percentage of beetles from which parasites 
emerged was calculated. 

More extensive data were obtained in 1978 with several modifications to the 
preceding experimental design. The incidence of parasitism in overwintering beetles 
was determined by dissecting adults separated from 30 samples of leaf litter collected 
on the ground in the woodland at Glenlea on 14 March. Ten traps were placed on 
the ground along the edge of the woodland on 28 March. On 17 April, when the 
first adults of P. striolata were trapped, 10 flats each 37x37 cm containing rape 
seedlings (Brassica napus L. cv. Tower) were placed in the line alternating with 
the traps. Daily, from 17 April until 8 May, the flea beetles in each trap were 
removed, and those on the rape in each flat were drawn up with a D-Vac Vacuum 
Insect Net (D-Vac Co., Riverside, California, U.S.A.). All beetles trapped and 
collected with the D-Vac were preserved and identified, and some or all of those 
collected each day with each device were dissected and examined for immature 
parasites. 

Parasitism levels in flea beetles emerging from leaf litter were determined in 
an additional experiment. Fifty samples of leaf litter each from 0.25 m2 of ground 
surface were collected on 25 November 1980 in a deciduous woodland at the 
University of Manitoba, Winnipeg. Each sample was placed inside an emergence 
cage (Ives et al. 1968) in a greenhouse at 20°C. Flea beetles that emerged into the 
vial at the top of each cage were removed daily, preserved, identified, and dissected 
for details of parasitism. 

Supplemental information on the level of parasitism among the first beetles to 
overwinter was obtained by dissecting adults of P .  striolata and P .  cruciferae 
collected on 31 August 1978 in humus on the ground in the woodland at Glenlea. 
Most adults begin to overwinter in September and October (Wylie 1979). 

Results 
P.  striolata. Percentage parasitism of P. striolata decreased over time, then increased 
slightly, in beetles trapped during 10-24 April 1977 (Table I). Polynomial regression 
of arcsine transformed percentage parasitism on day showed that~both the linear and 
quadratic terms were significant ( P  < 0.05 and P < 0.01, respectively) (R2 = 
0.987). In 1978 the parasitism-time relationship over a 21-day emergence period 
was linear for females collected with the D-Vac, and was quadratic for trapped 
females and for males collected with each device (Table 11). Rates of parasitism 
change for males and females collected in 1978 were found to be similar ( P  > .05) 
when examined with the Chow Test (Chow 1960). In both years there was a low 
level of parasitism in overwintering beetles (0% among 19 adults collected in October 
and December 1976; 2.1% among 47 collected on 14 March 1978). 

There was insufficient emergence data for analysis in the greenhouse experiment. 

P .  cruciferae. During 17 to 26 April 1977 the percentage parasitism of P .  cruciferae 
decreased in time (Table I). Polynomial regression of arcsine transformed percentage 
parasitism on day showed that the relationship was linear ( P  < 0.05) (R2 = 0.707). 
During 24 April to 8 May 1978 the percentage parasitism of trapped beetles decreased 
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Table I .  Percentage of parasitism by Microctonus vittatae of Phyl- 
lotreta striolata and Phyllotreta cruciferae trapped during emergence 

from an overwintering site, 1977. Numbers of adults in parentheses 

Percentage parasitism 

Date P .  striolata P .  cruciferae 

10 April 15.4 (39) 
14 April 8.1 (222) 
16 April 4 .6  (131) 
17 April 4 . 3  (1995) 53.0 (100) 
18 April 4 .2  (1285) 
19 April 39.1 (64) 
20 April 2.5 (1155) 
21 April 35.5 (62) 
23 April 34.0 (50) 
24 April 2 .8 (212) 30.0 (50) 
25 April 35.2 (700) 
26 April 14.7 (300) 

Table 11. Analysis of parasitism by Microctonus vittatae of Phyllotreta striolata and Phyllotreta cru- 
ciferae collected during emergence from an overwintering site, 1978 

Linear regression equation of the form Y = B,, + B,  day 
Quadratic regression equation of the form Y = B, + B, day + B, day2 

No. of Emergence 
adults period BO B,  B 2  R2 

P.  striolata 6 6 Trap 
9 P Trap 
6 6  D-Vac 
9 9 D-Vac 

P. cruciferae 6 d Trap 
9 9 Trap 
66 D-Vac 
P D-Vac 

- 

2457 17 Apr. - 8 May 
2495 17 Apr. - 8 May 
3137 1 8 A p r . - 8 M a y  
2278 18 Apr. - 8 May 
301 1 24 Apr. - 8 May 
2337 24 Apr. - 8 May 

588 24 Apr. - 8 May 
385 24 Apr. - 8 May 

*.**Slope significantly different from 0 at the 5% and I% levels, respectively. 

from 50.0 to 1.6, and that of D-Vac-collected adults from 50.0 to 8.8; the 
parasitism-time relationship for each sex collected with each device was linear 
( P  < 0.01; Table 11). Rates of parasitism change for trapped males and females 
were similar, but those for D-Vac-collected males and females differed significantly 
( P  < 0.05; Chow Test). In both years there was a low level of parasitism in 
overwintering beetles (2.4% among 83 adults collected in October and December 
1976; 0% among 285 collected on 14 March 1978). 

In addition, parasitism appeared to decrease over time among flea beetle adults 
emerging from leaf litter in the greenhouse; the percentage parasitism in the first 
and second halves of emergence were 3.5 and 1.8 (total emergence = 1509), 
differences being shown by each sex (3.4 and 1.1 for males and 3.5 and 2.3 for 
females). However, the greenhouse data were not analyzed because of the large 
number of zero values in the daily collections. No adults of M. vittatae emerged 
into the tubes on the emergence cages in the greenhouse, even though flea beetles 
emerged from leaf litter into the cages for approximately 3.5 months. 

Only 0.7% of 288 P. cruciferae and none of 111 P .  striolata collected in 
humus on the ground on 31 August 1978 were parasitized by M. vittatae. 
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Discussion 
As parasitism levels of P. cruciferae and P. striolata in winter were < 3% 

and as adults of M. vittatae do not emerge until late in May, the higher incidence 
of parasitism recorded among the first beetles leaving overwintering sites in April 
did not reflect higher parasitism in the general population of either flea beetle 
species. Furthermore, parasitism in both hosts is usually < 5% from late May until 
the end of September (Wylie 1981). The possibility that the higher levels of 
parasitism early in spring emergence resulted from greater mortality of unparasitized 
than of parasitized beetles in the field late in winter was rejected, for two reasons. 
First, this mortality would probably have been reflected in a higher parasitism level 
in beetles collected on 14 March 1978, just before beetles began emerging. Second, 
mortality of unparasitized beetles would not cause the decrease in parasitism observed 
later in the emergence period each year. The decrease in parasitism could have 
resulted from a progressive increase in time in mortality of parasitized beetles, which 
killed the immature parasites before they completed their larval development. How- 
ever, there was no evidence for changes in the level of mortality of parasitized 
beetles prior to parasite emergence, and this possibility was rejected because it 
implied a high level of parasitism in the overwintering population of P .  cruciferae. 
Finally, the decrease in parasitism could have resulted from parasite larvae emerging 
in the field during the collection period. However, the latest spring collections of 
flea beetles in 1977 and 1978 were on 26 April and 8 May, respectively, and all 
parasitized beetles collected on the latter date contained first or second stage larvae 
of M. vittatae. Therefore, as the parasite has at least four larval instars (Smith 
1952), parasitism levels in the samples collected in these two years were not reduced 
by emergence of parasite larvae in the field. The most suitable explanation for the 
decrease is that adults of both P .  cruciferae and P. striolata that are parasitized 
by M. vittatae emerge earlier from overwintering sites than unparasitized beetles. 
Although the two host species were affected similarly, parasitism did not eliminate 
the difference (Wylie 1979) between their emergence periods. The dates by which 
50% of the parasitized P .  striolata and P .  cruciferae were trapped in 1978 were 
24 April and 29 April, respectively. The dates for parasitized adults collected with 
the D-Vac were 26 April and 30 April, respectively. 

Both the linear and quadratic terms of the parasitism-time relationship in P. 
striolata were significant in 1977, when emergence for 14 days was studied, whereas 
only the quadratic term was significant in 1978 when the emergence period was 21 
days. The reason for the slight increase in parasitism late in the emergence period 
is unknown. The relationship in P .  cruciferae was linear in both years, emergence 
periods studied being only 10 and 14 days, respectively. A quadratic relationship 
might have been evident for both species in both years if emergence records had 
been compiled over a longer time period. 

The significant difference in equality of regression equations of male and female 
P .  cruciferae collected with the D-Vac indicates either or both of the following 
possibilities: (1) slopes for males and females are different, implying different 
parasitism-time relationships, (2) there is an intercept difference, caused by higher 
parasitism of females than of males. A t-test of equality of slopes showed no 
significant difference between males and females ( P  > 0.05). This implies that the 
parasitism-time relationships are similar for males and females, and that the higher 
parasitism of female than of male beetles (19.7 over the 14-day emergence period, 
compared with 12.1, for 588 and 385 adults respectively) was responsible for the 
observed difference in the equality of the regression equations. 
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The mechanism responsible for early emergence of parasitized adults is unknown. 
The possibility that parasitized adults are the first to start overwintering, and 
accordingly are the first to emerge in spring, was rejected, because parasitism of 
both P. cruciferae and P .  striolata collected in humus on 31 August 1978, when 
few adults had started to overwinter, was < 1%. Furthermore, the incidence of 
parasitism in flea beetles on rape did not decrease with time in autumn (Wylie 
1981), as would be expected if parasitized adults entered overwintering sites earlier 
than unparasitized ones. Other possibilities are that parasitism activated hosts early 
in spring by depleting their food reserves or reducing their temperature threshold 
for activity. 

It is not clear why parasitism by M .  vittatae has a more dramatic effect on 
emergence of P. cruciferae than on that of P. striolata. Perhaps the physiological 
effect of parasitism that initiates spring activity is more pronounced in P .  crucijerae. 
In addition, the effect of parasitism would be more obvious in this beetle if its 
emergence rate is slower than that of P. striolata. More experiments would be 
necessary to clarify this point. 

By ensuring early emergence of M. vittatae, the effect described in this paper 
increases the impact of the parasite on populations of the two main rape-infesting 
flea beetles in two ways. First, there is a greater probability that second generation 
larvae will complete their development before their hosts die in July. Second, early 
parasite emergence maximizes the effect of parasitism on the host's egg development, 
which usually starts late in May in Manitoba and ceases in each parasitized beetle 
soon after the parasite larva hatches (Smith 1952). 

This is the first study confirming this effect of parasitism on a host's behaviour, 
though early emergence was suggested by Jordheuil (1960) for Ceutorhynchus 
assimilis (Payk.) (Coleoptera: Curculionidae) parasitized by Microctonus melanopus 
Ruthe and for Phyllotreta sp. parasitized by Microctonus sp., and by Abu and Ellis 
(1976) for alfalfa weevils (Hypera postica (Gyll.)) parasitized by Microctonus 
aethiopoides Loan. The fact that the effect is apparently unknown among parasitized 
adults in other coleopterous families or in other orders may reflect the scarcity of 
studies on adult parasites of insects other than economically-important species of 
weevils and chrysomelids. 
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